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Lao PDR has good potential for renewable energy sources including hydropower, solar, wind, 
and biomass. Hydropower has been the main source of the country’s electricity generation for 
many decades. This source of electricity dominates around 80% of the total power generation 
followed by coal-based power and less than 1% of other renewable energies. In this 
circumstance, it is essential for the Government of Lao PDR to identify other renewable energy 
sources for power generation. One of the approaches is to avoid increasing fossil fuel-based 
power generation capacity and reinforce policies to safeguard the power generation sector from 
socio-economic and climate impacts to increase the foreign revenue from cross-border power 
trade. Otherwise, this status quo will lead to environmental impacts, including increasing 
emissions from coal-fired power plants that will have implications on achieving the 2030 
Agenda for Sustainable Development (SDGs) and the Paris Agreement. Besides, Lao PDR, in 
its Nationally Determined Contribution (NDC), has agreed to reduce GHG emissions, 
particularly by increasing the share of renewable energy to 30% of energy consumption by 
2025.  
The analysis of this study is used the Low Emission Analysis Platform (LEAP) modelling 
software to run a continuous time series from 2020 to 2030 of the two energy policy scenarios 
using: (1) the current policy scenario (CPS) and (2) the high renewable energy scenario 
(HRES). The analyses indicate that there is an exponential growth in energy demand for both 
scenarios with slightly higher demand in CPS over HRES scenarios. Biomass is the highest 
energy consumption and remains an important source which is primarily used for household 
cooking, followed by diesel consumption in the transport sector. In the environmental view, 
GHGs emissions in the CPS scenario are much higher than the HRES scenario. This is reflected 
in energy demand and supply sectors that there should have a technological advancement for 
alternative energies. To limit the growth in energy consumption and thus reducing emissions 
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in the energy sector, promoting energy-efficient appliances in the residential sector could be a 
suitable option. In addition, the government should put more effort into introducing the use of 
electric vehicles in order to lessen fossil fuel consumption internal combustion engines. In the 
meantime, the diversification of energy sources particularly non-hydro renewables should be 
considered to reduce the planned capacity expansion of fossil fuel-based power generation.  
Above all the notions have been set as parameters in mitigating the emissions from traditional 
fossil fuels in both demand and power generation. More importantly, enhancing non-hydro 
renewable energy technologies to avoid an over-reliance on hydropower, will result in more 
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Lao People’s Democratic Republic (Lao PDR) is a landlocked country located in the Southeast 
Asian region. Lao PDR is situated in the mountainous areas and is abundant with natural 
resources, specifically water resources with various significant streams such as the Mekong 
River and its River basin. Water is a fundamental natural resource to generate electricity from 
hydropower plants and has been considered as the major national economic development for 
decades (Thoummavongsa & Bounsou, 2013).  
According to Lao PDR’s exploitable hydro resources, the country has estimated resources to 
generate electricity with a theoretical hydropower potential of 26.5 Gigawatts (IHA, 2016), of 
which 9,549.45 MW hydropower capacity had been installed since 2019 (MEM, 2019). 
Furthermore, this source of energy is significant as it is conducive to generating national 
income by exporting to neighbouring countries such as Thailand, Vietnam, and Myanmar. In 
2018, around 1.2% of the country’s Gross domestic product (GDP) was derived from exporting 
electricity (ADB, 2019). 
The Government of Lao PDR (GOL) is developing an energy policy that aims to achieve 30% 
of renewable energy share in the total energy consumption by 2025 (Pranadi et al., 2018). 
Moreover, the development of this energy policy could increase energy security for the power 
grid system across international boundaries. There are several ways to increase energy security 
such as reducing dependence on one source of electricity generation, increasing several 
electricity suppliers, and exploiting new renewable energy technologies. The policy also aims 
at reducing greenhouse gas emissions by reducing coal-fired-based power generation. 
Lao PDR has good potential for renewable energy sources including hydropower, solar, wind, 
and biomass. However, such projects face challenges with implementation due to the absence 
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of analytical studies of how much contribution is possible by technologies, and the lack of 
information on their socio-economic and environmental benefits (ADB, 2019). To avoid an 
over-reliance on hydropower, enhancing other renewable energy technologies such as solar, 
wind, and biomass energy will result in more productive and effective outcomes for the power 
sector in the future. Therefore, a proper analysis that considers the current situation of the 
country and provides a forecast for the next decade on what share of non-hydro based 
renewable energy can be cost-effectively introduced in power generation, is critical for the 
Government to make an informed decision. The understanding of possible emissions reduction 
opportunities from the energy sector is also important to align its power sector with the 
emission reduction commitment under the Paris Agreement. 
1.2 Aims and Objectives 
The research of this dissertation aims to discover how the Government of Lao PDR can plan 
to achieve the possible optimal performance for the power sector by drafting energy policy that 
promotes other renewable energy technologies apart from hydropower.  
Moreover, the objectives of the dissertation are set to explore the following areas: 
• To review the current status of power generation technologies, policies, and plans in Lao 
PDR including the status quo of hydro dominating power generation and assess the 
potential for including other renewable energy technologies. 
• To evaluate the potential in increasing energy security in Lao PDR by diversifying the 
power generation technologies. 
• To examine the potential for increasing cross-border power trade in the context of evolving 
socio-political and environmental impacts. 
• To develop the future scenario for the electricity generation by using the Low Emissions 
Analysis Platform (LEAP) software. 
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• To identify appropriate policy measures in the power sector to safeguard Lao PDR’s power 
generation from socio-economic and climate impacts and to ensure that Lao PDR is able to 
achieve the 2030 Agenda for Sustainable Development and the Paris Agreement. 
1.3 Scope 
The Master’s dissertation is essentially required a number of researches and investigation in 
order to meet its certain criteria as well as build credible results. However, limitations to the 
source of information could rather help in keeping the focus of the thesis on track, while still 
improving precise evaluation and conclusions within the given research duration. To reach the 
target, this research has split into three main parts: 
Part 1: Informative presentation 
The first part covers section 1 and 2, will present the general background about the power sector 
in Lao PDR with a focus on renewable energy technologies, conventional energy resources, 
and energy incorporated institutions. 
Part 2: Analytical evaluation 
The second part covers section 3 and 4, will focus on identifying the policy measurement and 
analysis to ensure that the Lao Government will reach a 30% share of renewable energy of the 
power generation mix by 2025, or nearly within the whole country by the support of additional 
renewable energy technologies and the existing sources of power generation.    
Part 3: Comprehension of results and conclusion 
This part covers section 5 and 6, will present and discuss the results from the LEAP software 
between two scenarios. Finally, policy recommendations are set to develop as recommended 




The methodology section for the dissertation consists of the following four parts: 
 Desktop research 
 Data collection 
 Data analysis 
 Results 
The workflow of the research for each part has been separated into different approaches and 
methods, as shown in Figure 1. Individual steps of this methodology are discussed below. 


















Figure 1: The research workflow diagram 
1.4.1 Desktop Research 
A comprehensive literature review is an initial step for the dissertation. This primary stage 
looks at the current status of power generation and its related policies in Lao PDR. In addition, 
the literature review provides the background information in this study that is mostly including 
Literature Review 
Laos’ power generation policy framework 
Current status of the electricity 
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Develop policy scenarios 







the country’s energy resources, policies, plans, and performance. It specifically focuses on 
policies and performances of renewable energy technologies in which environmental factors 
could be involved. Then, the economic feasibility study has been introduced to evaluate the 
opportunities to invest more in renewable energy technologies compared to maintaining the 
business-as-usual (BAU). All the above characteristics mentioned, have been used for 
assessing and evaluating the opportunities and challenges of renewable energy implementation 
in the analysis part.  
1.4.2 Data Collection 
There are two procedures for the data collection section which are set as follows: 
• Desk research: this approach aimed at collecting secondary data by reviewing and 
examining the existing research findings to gain a broad understanding of renewable and 
sustainable energy for the power sectors in Lao PDR. This study gathered information and 
data to do a further review from several sources including policy documents, journal 
articles, the Lao Governmental reports, general reports from different international 
organisations, and other online sources available on the internet. Additionally, resources 
available in the Murdoch University library has been useful for seeking relevant 
information and data both online (by searching for databases, electronic journals, and 
research repository), and borrowing books from the university library.  
• Personal/private communication: this step was used to obtain specific data and 
information related to the overall objectives of the research from persons who are working 
with the Lao Government. They are working in the same field as technical officers for the 
Ministry of Energy and Mines (MEM), and Électricité Du Laos (EDL). This was beneficial 
for improving an in-depth understanding of the actual situation regarding the energy sectors 
in Lao PDR. The process was conducted by telephone conversation, interviews, online 
communication via emails, social networks, and other similar resources.  
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1.4.3 Data Analysis 
This step used the Low Emissions Analysis Platform (LEAP) software for conducting energy 
modelling. The software is capable to assess and analyse data for creating electricity generation 
model that could be used to track energy consumption, production, and resource extraction in 
all sectors of an economy. Basically, LEAP is “an integrated, scenario-based modelling tool 
and is a widely-used software tool for energy policy analysis and climate change mitigation 
assessment developed at the Stockholm Environment Institute” (LEAP, 2019).  
After reviewing background information and secondary data, the appropriate software such as 
LEAP and Microsoft Excel were used in the study to assist in developing future scenarios. By 
using a simple spreadsheet-based analytical tool, data analysed by these software could 
examine and evaluate various policy measures that will safeguard the country’s power sector 
from potential socio-economic and climate impacts. The analysis view was used by the author 
to enter all the data describing both historical years and forward-looking scenarios. The main 
data structure for the analysis showed in a hierarchical tree that could be simply added or 
removed in energy analysis by copying, pasting, dragging and dropping, etc. (LEAP, 2019).  
The purpose of this step was to evaluate the feasibility analysis for the power generation and 
the potential in increasing energy security by diversifying power generation technologies, 
especially renewable energy and its policy measures.  
1.4.4 Results 
This section delivers the model results in the form of graphs and tables. These measurements 
can be used for the final interpretation and evaluation of the extensive growth of renewable 
energy technologies and policy for short and long term-based scenarios. The purpose of this 




2. Literature Review 
2.1 Energy Generation in Lao PDR: Resources, Policies, and Institutions 
Lao PDR has been rapidly increasing energy development in parallel with domestic demand 
over the past decade. The major sources of electricity generation are hydroelectric power which 
accounted for 79% of the country’s total electricity production, followed by 19% of coal-fired 
power, and about 1% of renewable energy resources from solar and biomass energy as shown 
in Figure 2 (MEM, 2019). This illustrates the fact that the country has been heavily relying on 
hydropower and gradually increasing fossil fuel-based power generation. If this trend is 
maintained, greenhouse gases (GHG) emissions from the coal-fired power station will continue 
to rise and the country may not reach the goal to reduce the GHG emissions and increase the 
share of renewables to 30% of energy consumption by 2025 as stated in its Nationally 
Determined Contribution (NDC) under the Paris Agreement (UNFCCC, 2015). Therefore, 
promoting renewable energy technologies is essential and will be necessary to achieve the 
national energy policy targets.  
In this research, the ERIA Lao PDR Energy Outlook (2018) and (2020) reports were used to 















ENERGY GENERATION IN LAOS
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2.2  Renewable Energy Technologies 
The primary energy sources in Lao PDR consist of hydropower, coal, biomass, and solar. All 
these electricity resources have been used domestically and exported to neighbouring countries 
at the same time. Lao PDR has historically prioritised the hydropower plants to supply an 
affordable, reliable, and secure source of electricity to support its economic development. The 
country has benefited from hydropower for decades but there will be a huge challenge to cope 
with the current business-as-usual model. Therefore, diversifying its energy resources is 
essential as it will provide more resilience in the power system as well as reducing an over-
reliance on hydropower generation (NREL, 2018). 
The Government of Lao PDR has introduced renewable energy technologies since the 1970s 
with the country’s first hydroelectric power plant ever built that is situated in the Southern part 
called Selabam hydropower plant (EDL-GEN, 2018). Since then, particularly from 1990 
onwards, hydropower resources are being intensively developed. So far, more than 60 
hydropower plants that have been constructed, operated, and became a dominating source of 
power generation.  
Apart from that, other sources of renewable energy technologies have a small growth which 
involved biomass and solar energy that accounted for less than 2 percent of the total energy 
production. For example, the first solar power project in Lao PDR started generating electricity 
in 2014, but considering it as the country’s first solar farm just launched in 2017 with an 
installed capacity of about 5 MW (EDL-GEN, 2017). This could be another step of progress 
for renewable energy technology development in Lao PDR because the country itself is 
potentially abundant in sunshine throughout the year to generate electricity from Solar 
Photovoltaic (PV). Moreover, biomass energy is another option for energy production as it is 
widely available and obtainable mostly for free resources. Due to Lao people living in rural 
areas typically consume biomass as the main source for daily life activities such as cooking 
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and heating. These activities, therefore, need to be changed into net zero emission use of 
biomass  (ERIA, 2019).  
2.2.1 Solar Energy 
The availability of solar energy in Lao PDR is relatively high to provide electricity generation 
throughout the year. With a moderate to the high potential of receiving sunlight annually for 
an average of 200-300 days or 1,800-2,000 hours, the country could gain solar energy within a 
range of 3.6 to 5.5 kWh/m2 per day (ADB, 2019). The estimated contribution of solar power 
is quite favourable in terms of the country scale and policy supported by the Government that 
is likely in promoting the role of sustainable energy technologies. In addition, solar power 
systems are generally intelligent for the installation part to be connected with end-users as they 
are close to the grid, which leads this system can avoid power losses through the transmission 
(OECD, 2018).   
Currently, five solar power projects have operated with a total installed capacity of 32 MW, 
with a generation of 59.2 GWh per year (MEM, 2019). In 2016, more than 18,500 households, 
or 1.64% of total households nationwide have consumed electricity from solar power. 
However, there is an expectation with further expansion for the installation of Solar Home 
Systems (SHS) or solar PV rooftop up to 25,000 households by 2020, and solar farm will be 
increased to 500 MW, plus 100 MW of solar and wind hybrid project that is under study 
(IRENA, 2016). This development seems to be slightly grown, but solar power is very 
promising to keep mounting because of the geographical location and climate elements that are 
suitable to produce electricity as showing in the global horizontal irradiance map in Figure 3.  
The southern and western parts of the country including the capital city (Vientiane) are 
technically the most suitable regions for developing solar energy with 4.87-5.24 kWh/m2/day 
of solar irradiance. While the northeast part has the least potential to generate electricity from 
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solar power of 3.38-3.75 kWh/m2/day, this statistical data still prove that it could be sufficient 

















Figure 3: Distribution of solar energy irradiance in Lao PDR (kWh/m2/day) 
(Source: National Renewable Energy Laboratory) 
2.2.2 Wind Energy 
Wind energy is the most challenging renewable energy technology in Lao PDR. The reason is 
that the country has never experienced this technology before and there are only theoretical 
basis and capacities that have been studied. Moreover, the feasibility study of wind energy 
projects has been estimated based on wind prediction and measurement by remote sensing 
techniques of specific areas, which all include variable data with anticipation of obtaining 
potential capacities (SADETTANH, 2004).  
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The study shows that the south-central and a few northern parts of Lao PDR appearing to have 
greater potential for wind energy exploitation than other parts. These include high mountain 
zones along the border between Lao PDR and Vietnam, especially in Savannakhet and 
Khammouane provinces, where wind resources are identified to be the highest and most 
effective electricity generation in Lao PDR shown in Figure 4. The technical specifications of 
those areas demonstrate that at a height of 50 meters and above, wind speeds can reach up to 


















Figure 4: Average of potential wind speed in Lao PDR (m/s) 
(Source: National Renewable Energy Laboratory) 
Despite the average wind speed in Lao PDR are very low at around 1-2 meters per second, 
some mountainous areas are reasonably capable to generate electricity. For this reason, there 









support from other parties. Besides, there is a lack of data on wind energy potential, but only 
an estimation of the total installed capacity of power generation by wind energy resources is 
around 3,000-3,500 MW across the country. Nevertheless, there are no wind projects presently 
in the country (ADB, 2019).   
2.2.3 Hydropower Energy 
Lao PDR has a major advantage of possessing many significant streams and rivers, especially 
the Mekong river which is covered from North to South. This leads the country to become one 
of the most powerful generators in the region (Southeast Asia). Furthermore, the country has a 
vast potential for hydroelectric power generation because of its appropriate location within the 
Mekong river, high rate of rainfalls, and plenty of high mountainous areas. These can deliver 
high heads for the dams to run generators as its most top performance to produce electricity 
(ADB, 2019).  
The country’s exploitable hydropower potential is estimated to be around 26,500 MW, which 
is consisting of small-scale hydropower (installed capacity less than 15 MW), and large-scale 
hydropower (classified as above 100 MW). Moreover, there are 67 existing hydropower plants 
that have been commissioned since late 2019 as shown in Figure 5, with a total installed 
capacity of 7,614.45 MW and with an electricity generation of 37,759.47 GWh per year (MEM, 
2019). 
Hydropower has been a significant contributor to national economic development particularly 
with a key role to drive economic growth. Power exports are one of the main sources to earn 
revenues from neighbouring countries, followed by royalties, and dividends from local state 
enterprises, and independent power producers (IPPs). However, hydro dominating power 
generation could lead to several problems including the depletion of natural resources, together 
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with the limited of hydro potential resources where will soon be all occupied, constructed, and 














Figure 5: The existing hydropower projects in Lao PDR 2019  
(Source: Ministry of Energy and Mines) 
The financial stability is another issue because almost all hydropower projects have accepted 
loans from other countries. The debt has been increasing year by year, where the Government 
can only obtain the income from exporting power for the long term to pay back the debt. Thus, 
these are challenging tasks for the Lao Government to resolve sooner or later.     
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2.2.4 Biomass Energy 
Biomass sources are widely available across the country because it is covered by the forest 
around 68% of the country’s land in 2010 (FAO, 2015). Biomass continues to be significant 
resource as it can produce wastes from fuelwood and charcoal deriving from agricultural and 
forestry sectors. These wastes include rice straw and husks, sawdust, corn cobs, and sugar cane 
peel, which are estimated up to 500 million tons of oil equivalent (MTOE) produced (ADB, 
2019). This advantage enhances the potential for electricity generation from both biomass and 
biogas up to 1,525 GWh per year (utility-scale and nonutility-scale generation) for the density 
of biogas potential. While utility-scale ranges from logging and primary mill (720 GWh/year), 
nonutility-scale includes secondary mill residues, rice husk, and sugar cane bagasse (805 
GWh/year) (NREL, 2018). Moreover, 80% of the total population relying on biomass as the 
main source for daily life applications such as cooking, heating, and other related activities due 
to it is accessible and obtainable everywhere as most of the population living in rural areas 
(ERIA, 2018). However, this traditional use will not be net zero emission and sustainable. 
The Lao PDR is currently in the operation of two bagasse power plants and both generated 
power from sugarcane with a subtotal installed capacity of 25 MW. At this time, an estimation 
of power plants generated electricity from biomass is in the process of a feasibility study to 
forecasting of total potential for power generation is around 1,000 – 2,500 MW (IRENA, 2016).      
2.3  Conventional Energy Resources 
Most of Lao PDR’s energy is generated and relied heavily on traditional energy sources. Apart 
from hydropower, coal is another source of energy that plays an important role involving in 
electricity generation across the country (Denruyter et al., 2016).  
In fact, Lao PDR is not abundant with fossil fuel resources, especially petroleum that relies on 
imports of almost 100% from neighbouring countries. The total coal reserves are estimated to 
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range between 600 to 700 million tons, which is one of the sources that the Government of Lao 
PDR used to export (ADB, 2019).  
2.3.1 Coal-fired Power Station 
Coal resources in Lao PDR are classified as Lignite and Anthracite with a production of 97% 
and 3%, respectively (Douangchanh, 2017). Therefore, electricity generation that is produced 
by the only coal-fired power plant in Lao PDR (Hongsa lignite-fired power plant) has operated 
since 2015 with an installed capacity of 1,878 MW. This plant has contributed to the 
development of the national economy as it accounts for 14% of total electricity production and 
its main task is to export most of the power to Thailand. This contribution has become a 
growing part of an interconnected Southeast Asia energy market (Otwong & Phenrat, 2017). 
However, the plant is estimated to use around 14.3 million tons of lignite a year, in which the 
coal reserves are expected to last about 26 years of operations. Furthermore, the electricity 
generation from this plant could cause several problems associated with the environment and 
health impacts. Lignite-fired power plant significantly involves greenhouse gas emissions that 
cause air pollution affecting human health and eventually leading to a global issue such as 
climate change. This trend will be ongoing until 2040 because the coal-fired power generation 
is projected to continuously increase by up to 22% of total power generation so that the 
emissions of the plant will become a great future risk for the environment (ERIA, 2019). 
2.3.2 Petroleum 
Lao PDR is not blessed with other fossil fuel resources such as petroleum or oil refinery 
because the country does not have borders linked to an ocean. This circumstance brings into 
the uncertainty of an energy security surrounding trade routes. All petroleum products are 
imported 100% from neighbouring countries which is divided into Thailand 90% and Vietnam 
10% (ERIA, 2019). The main use of petroleum in Lao PDR is in the transport sector as gasoline, 
diesel oil, and jet fuel. These products are important for Lao people because the demand is very 
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growing consistently as most people can afford to buy private cars and motorcycles for their 
daily commute (Kouphokham, 2019). 
2.4  Policy Framework of Renewable Energy Development 
The modern renewable energy technology in Lao DPR has a small scale in the power sector. 
This situation has stimulated the Government of Lao PDR to expand and formulate policy 
measures for the purpose of renewable energy development. Thus, one of the priority policies 
is the promotion and development of sustainable and renewable energies, which aims to 
stabilise the energy supply and to assist in the social and economic improvement of the country. 
More importantly, its goals are to develop concurrently with a replacement of non-renewable 
energy by new renewable energy resources which are not yet widely exploited in Lao PDR 
(EEP, 2011). Since then, renewable energy development has gained more importance in Lao 
PDR as being the national development strategies to apply in several sectors across the country.  
2.4.1 General Policy 
The Lao Government has set up a number of energy policies for the power sectors in order to 
develop the energy system in Lao PDR (EEP, 2011). This is to ensure that the energy in Lao 
PDR can be affordable and sustainable for the population, especially for those who live in rural 
and remote areas. Some of the policies have been designed to promote power exports to earn 
revenues for the country, which can be a means of reducing the poverty rate in the country. 
Capacity building policies play an important role in developing and improving the technical 
skills and expertise of technical staff under the Ministry of Energy and Mines. The development 
of some policies is to ensure the accountability and transparency of environmental and social 
impacts in order to provide the achievement of sustainable development of energy in Lao PDR.  
The National Policy on Environmental and Social Sustainability of the Hydropower Sector in 
Lao PDR was developed by the Ministry of Energy and Mines in 2006. This policy has a focus 
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on economic, social, and ecological sustainability. The maintenance of the renewable resource 
base and the use of non-renewable resources lead to economic sustainability (GOL, 2006). At 
the same time, the principles of inclusiveness, mutual perceptions, and consensus are factors 
that lead to social sustainability. This policy also emphasises the avoidance of irreversible 
environmental impacts such as the loss of biodiversity or the disruption of ecology cycles. 
2.4.2 Specific Policies 
The main task for the current energy policies related to renewable energy in Lao PDR is to 
promote and develop renewable energy technologies. The Government of Lao PDR has been 
focusing more on the development of renewable energy and it is considered as one of the 
priority policies of the Lao Government in order to stabilise energy generation and supply and 
ultimately lead to the economic development of the Lao PDR. Renewable energy initiatives 
have been distributed to stakeholders both from the private and public sectors. The Lao 
government has attempted to attract the investment of renewable projects from inside and 
outside the country to respond to the needs of the local population in contributing to the process 
of becoming self-sufficient in energy supply. Also, the main task for the current energy policies 
related to renewable energy in Lao PDR is to promote and develop renewable energy 
technologies. The focus of these policies is to enhance small scale power such as households 
to achieve self-sufficiency and grid connection, biofuels production from biomass resources, 
marketing, and other clean energy development (EEP, 2011). 
2.4.2.1 Renewable Energy Development Strategy (2011-2025) 
This policy provides the priorities for development in several areas such as promoting 
sustainable energy and consider as a key component to the development of the country by 
focusing on economic and social development. Besides, this policy also comes up with the idea 
that the government will support renewable energy projects and provide financial incentives to 
investors who have the intention to produce clean energy in Lao PDR. Hence, the Lao 
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government will be willing to review and redesign laws and regulations to facilitate the 
development of renewable energy (Milattanapheng et al., 2010).  
Renewable Energy Development Strategy gives priority to environmental impact particularly. 
The main purpose of this policy is to increase public awareness and understanding of climate 
change impacts and the need for mitigation and adaptation (Käkönen & Kaisti, 2012). In 
addition, there are three specific objectives of this strategy. The first objective is to ensure the 
sufficiency supply of energy, efficiency, and conservation of fuel crops for the production of 
biofuel to replace the importation of fossil fuels. The second objective is to bring about socio-
economic advantages to the country which include the development of the renewable energy 
industry, poverty eradication by improving income generation from renewable energy 
production. The last objective of this strategy is to ensure the sustainability of environmental 
and social development by enhancing local food security as well as securing the accessibility 
to adequate land for both genders with a specific focus on women. Furthermore, this strategy 
also sheds light on the reduction of greenhouse gases by controlling the negative impacts of 
land impacts from climate change as well as reinforcing the replacement of fossil fuels.  
The target of this strategy is to set a target and increase the share of renewable energy to 30% 
of the total energy mix by the year 2025 (Vakulchuk et al., 2020). The Lao government has the 
intention to reach 10% of the total transport energy consumption from biofuels by 2025 (IEA, 
2019). This is to say that biofuels, small power, renewable energies such as solar, biomass, 
biogas, and wind as well as other alternative fuels for transportation are the focus of the 
government on the development of this strategy. 
2.4.2.2 Policy on Sustainable Hydropower Development in Lao PDR (2015) 
The Policy on Sustainable Hydropower Development in Lao PDR (2015) is the updated version 
of The National Policy on Environmental and Social Sustainability of the Hydropower Sector 
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(2005). Based on some changes regarding economic and technical aspects that are also required 
in the focus of improvement, therefore, the policy needs to be reviewed and redesigned to cover 
not only environmental and social aspects but also economic and technical aspects. This is to 
ensure the effectiveness of the implementation of the policy and the achievement of sustainable 
development in the hydropower sector. This policy applies to all hydropower project 
development processes including planning, construction, and operation (World Bank, 2015).  
The primary purpose of this policy is to guide the organisations who are in charge of the 
implementation of hydropower investment projects. The policy also improved in regard to 
informing and encouraging the investors to be aware of the sustainability of hydropower as one 
of the main focuses of the Lao government. This is to say that investors who would implement 
any projects have to work closely with the Ministry of Energy and Mines. This is to make sure 
that they are abiding by the policy and comply with the guidance of the Inter-ministerial 
Committee at the Ministry level.  
2.5  Institutional Structure 
The energy sector in the Lao PDR is entirely under control of the Government, which the 
Ministry of Energy and Mines (MEM) is mainly responsible for the power sector. With all laws 
and regulations over the policy, strategy, and management of energy and mining industries 
across the country, MEM has full legal power and mandates to make decisions for all state-
owned enterprises (ADB, 2019). In the energy sector, there are some influential organisations 
involving EDL, EDL-Generation Public Company (EDL-GEN), and its subsidiaries. 
Moreover, there are three Ministries that are closely incorporated with MEM including the 
Ministry of Finance, the Ministry of Natural Resources and Environment, and the Ministry of 
Planning and Investment. While the first ministry assists MEM as the role of financial 
management in the energy sector, the last two ministries support in providing additional 
information and oversight to MEM in order to implement every single project in the country’s 
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power industry. Hence, to have a clearer perspective of the institutional structure of the power 
sector in Lao PDR, the following organisation structure will elaborate more in detail showing 
in Figure 6. 
2.5.1 Ministry of Energy and Mines 
The Ministry of Energy and Mines is a central government and one of fifteen Ministries in the 
Lao PDR which is in charge of the energy sector and of renewable energy that has the leading 
role in developing renewable energy strategies (Stout et al., 2020). The MEM also has a big 












Figure 6: Organisational structure of the power sector in Lao PDR 
(Source: Asian Development Bank) 
2.5.2 Électricité Du Laos (EDL) 
EDL is a dominant State-Owned Enterprise (SOE) under the Ministry of Energy and Mines 
that owns and operates the generation, transmission, and distribution of the country’s 
electricity. EDL is also in charge of managing the import into its grids and export electricity 
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from the national electricity stations. EDL headquarter is located in the capital city of Lao PDR-
Vientiane and was founded in the year 1961. EDL plays a crucial role in the development of 
the Lao hydropower projects through the implementation of the “National Electrification 
Program”. As a result, there has been an increase in the rate of electrification in Lao PDR from 
36% in 2000 to 92% in 2016. EDL has been actively contributed to the development of the 
social-economic of the country by generating revenues from exporting electricity to the country 
in a monetary term. EDL is in charge of electricity generation, management, services and 
development in accordance with Party guidelines and state law as well as relying on market 
mechanisms to supply sufficient electricity for domestic and foreign consumers (ADB, 2019).  
EDL-Generation Company Limited (EDL-Gen) is a public company owned by 75% of EDL 
and 25% of private sectors. It was established in late 2010 and operates as a subsidiary of EDL, 
and it is responsible for all of EDL’s generation activities. EDL-Gen operates the wholly owned 
hydropower generation assets acquired from EDL and built for selling electricity to EDL. EDL-
Gen invests in equity shares in IPPs and built the transmission lines including power stations 
for selling electricity to the EDL and Electricity Generating Authority of Thailand (EGAT). 
EDL-Gen also provides operation and maintenance services of power-generation assets in Lao 
PDR (EDL-GEN, 2019). 
2.5.3 Private Sectors 
Both domestic and international private sectors play a crucial role in the development of 
infrastructure and energy generation, transmission, and distribution. The Lao government has 
been encouraging and attracting private investment to a high level of impression, which leads 
to the emergence of many power generation projects. For instance, in 2017, almost 90% of the 
total installed capacity in the country stem from independent power producers. However, all 
the projects of IPP must work closely and be monitored by the Lao government (ADB, 2019). 
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Meanwhile, renewable energy projects have been attracting more investors and there some 
projects have been carried out by various sectors for the development of renewable energies. 
Most of the projects have been involved in the development of renewable energy by 
cooperating with public sectors in the country. For example, the Ministry of Energy and Mines 
works closely with the private sector in the development of solar energy, micro-hydropower, 
bioenergy, and biofuel. Besides, the Ministry of Agriculture and Forestry has been piloting a 
project of conducting research on the plantation of fuel crops. Furthermore, the Ministry of 
Science and Technology has undertaken projects in cooperation with private organisations on 
renewable energy utilisation in the Lao PDR. The Lao government has been shaded light on 
the importance of researching renewable energy so that they have attempted to encourage both 
public and private organisations to be involved in renewable energy research. As a 
consequence, there are several organisations and institutions that have been involved in 
renewable energy research such as the National University of Laos, the Organic Production 
Promotion Association, Agricultural and Handicraft Promotion Association, Lao State Fuel 




3. Evaluation of Renewable Energy Technologies for the Power Sector 
Lao PDR has historically prioritised hydropower resources among other sources of energy to 
support its economic development. In fact, the Government of Lao PDR has significantly 
supported the development of hydropower by releasing the policy on sustainable hydropower 
to ensure a secure, reliable, and affordable supply of energy in order to maintain both social 
and economic development with neighbouring countries (NREL, 2018). However, diversifying 
its energy sources by prioritising other renewable energy technologies will provide for a more 
resilient power system, insulate from energy disruptions, and strengthen energy security 
(Ream, 2015). 
3.1  The Status of Renewable Energy Technologies in the Business-As-Usual Case 
Although the electricity generation in Lao PDR is heavily dependent on hydropower plants, 
the use of coal-fired power is also likely to grow continuously in the next decade as per the 
Government plan. This business-as-usual plays an essential role in a significant source of 
national revenues which offers power trade opportunity that contributes to economic growth 
(OECD, 2018). Coal is seen as fuel that boost the national economy as it is mainly used for an 
industrial sector, including cement factories and other small-medium industrial users. This 
sector requires a amount of energy consumption approximately 300,000 tons per year to 
generate electricity from coal-fired power plants (ADB, 2019). Nevertheless, some existing 
energy sources and modest fossil fuel resources could cause several negative impacts mainly 
on environmental consequences such as an intervention of the ecosystem for damming, and 
greenhouse gas emissions from the coal and lignite-fired power plants.   
Currently, the use of non-hydro renewable energy technologies in Lao PDR is relatively low, 
but it is promising to increase gradually and aims to reach 30% by 2025. This expectation is 
derived from an establishment of the development of renewable energy strategy aiming to 
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promote and increase the share to 30% of renewable energy technologies for total energy 
consumption by 2025 in final energy terms (Pillai, 2014). This strategy has been the primary 
idea for the development of renewable energy projects in Lao PDR as the Lao Government has 













Figure 7: The development of renewable energy technologies and the business-as-usual of 
the power sector in Lao PDR from 2010 to 2020 (Source: MEM and author’s calculation) 
 
In the last 10 years, Figure 7 illustrates that hydropower has been the major source for 
electricity generation in the Lao PDR with 79% of the total share of the power mix. The second-
largest source for electricity generation is from coal power generation with 19%. Lastly, the 
remaining share of 1% of power generation consists of biomass and other renewables (solar 
and wind). 
3.1.1 Potential for Renewable Energy Technologies in the Future Scenarios 
Renewable energy in Lao PDR has been a significant move for the economic development 
associated with the high weighting of hydropower since the early 1970s. With a view to 




































the diversification of the generation mix new renewable technologies are required. The GOL 
has started to explore the potential of other renewable energy sources, particularly non-hydro 
renewables. Likewise, the GOL has indicated a desire to introduce the renewable energy policy 
by increasing the share of non-hydro renewable energy to 30% of total consumption by 2025 
as one of its main priorities.  
Several studies show that the country has a great potential for establishing solar power, notably 
the suitable landscape across the country (OECD, 2018). While solar panels can generate 
electricity from direct sunlight, more power capacity could be caught especially during summer 
or dry season. Moreover, the solar power systems can be installed directly for household users 
and some solar farms in both urban and rural areas, which are more beneficial in avoiding 
losses through the transmission. With all these advantages, solar power can be considered as a 
great option for generating electricity contributing to hydropower. However, the current solar 
power generation only accounts for a minor share of the country’s electricity output. This 
development could be enhanced as it is potentially liable to grow in the nearly future as if there 
are governmental supports and addressing the challenges and obstacles. 
Apart from solar power, biomass energy also has a substantial role in renewable energy 
development. For energy supply, most Lao households are principally reliant on biomass 
resources for cooking as biomass is abundant and more importantly is freely available. In an 
industrial sector, biomass fuel is used on a small-scale mostly in rural areas. For instance, 
biofuels have been used for alcohol production and some tobacco processing steps. Thus, Lao 
PDR has great potential for biofuel and bagasse production because there are plenty of 
agricultural resources with its products and wastes that can be reused for production 
(Souliyathai et al., 2018). In addition, the potential in expanding the use of biomass energy is 
expected to increase gradually because the GOL has highlighted and relied on the energy policy 
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of increasing a share of 30% in renewable energy with biofuel production accounting for 10% 
of total energy consumption in the transport sector by 2025 (ADB, 2019).  
Wind energy is the least promising source in terms of electricity generation in Lao PDR. The 
reason is that the overall wind speeds are naturally low at around 1 meter/second, except in 
some mountainous areas. Furthermore, the country’s estimations for the addressable wind 
potential is at around 3,000–3,500 MW, but there is no concrete information related to the 
actual technological potential for its capacity (IRENA, 2016).   
3.1.2 Power Trade Development with Neighbouring Countries 
Power trading is one of the major parts to boost the national economy for years. The Lao PDR’s 
transmission network with the majority of high-voltage transmission lines is operated and 
owned by EDL. There are four main regional grids across the country counting from the north, 
central 1, central 2, and south. The power exports that have been traded with neighbouring 
countries such as Thailand and Vietnam are expected to increase dramatically due to there are 
expansion and development of the transmission network by increasing high-voltage lines 
including 230 kV and 500 kV for exporting purposes. Most of the transmission grids are 
directly interconnected with The Electricity Generating Authority of Thailand (EGAT)’s grid, 
which is the main trade partner with EDL for many decades. Apart from that, lower voltage 
transmission lines ranging from 22 kV, 35 kV, and up to 115 kV lines are dedicated for import 
and export purposes with other three countries in the region including Cambodia, Myanmar, 
and the People's Republic of China.  
The country’s substantial hydropower potential undoubtedly offers ambitions for being a major 
provider of cross-border power exports. Based on the current production, around two-thirds of 
the hydropower generation is contributed to about 15% of the total country’s power export 
earnings. This numeral calculation indicates the second-highest export revenue behind mineral 
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resources. Hence, the trend of power market in this region is likely to grow considerably 
because the GOL has focused on the development of alternative energy sources. Besides, 
memorandum of understandings (MOUs) and cooperation agreements are already in place to 
supply the electricity for the aforementioned countries plus further countries like Malaysia and 
Singapore, where both will be imported the power from Lao PDR via Thailand’s national grid. 
However, there are some issues with the transmission and distribution losses that affected the 
process of exporting power. This problem causes an effect by wasting power around up to 17 
to 19% of losses during 2000-2009. Then, the losses experience a downtrend and remain stable 
around 10-12% until the present. During this time, the reasons that lead to a big improvement 
are due to there is an upgrade of the power transmission and distribution systems by EDL, 
which is entirely under the GOL’s recommendations. Besides, EDL presented and outlined a 
vision in the long-term plan for the transmission and distribution system development at the 
21st meeting of the Regional Power Trade Coordination Committee (RPTCC), where was held 
in Siem Reap, Cambodia in December 2016 (Greater Mekong Subregion, 2016).  
3.1.3 The National Socio-Economic Development 
The 8th National Socio-Economic Development Plan (NSEDP), which has a target for Lao PDR 
to escape from least-developed country status by 2020, together with sustainable economic, 
social, and environmental development. The GOL has prioritised domestic and foreign private 
investment primarily in the energy and mining sectors. These investments include hydropower 
projects and the mining industry for domestic and export markets. For the energy sector, the 
national energy needs to be more sustainable, affordable and reliable, which aims to ensure 
power stability and security for domestic use as well as being competitive in the region. Power 
generation is also an area to focus on with the purpose of providing sufficient power for 
consumers of any energy business types and also for rural areas. More importantly, the 
Government is currently targeting to achieve 95% coverage of the national electrification, 
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especially focusing on remote areas by 2020. The plan has made a greater improvement of 
basic infrastructure and this could be linked back to the development of power transmission 
and distribution network with a priority of the northern provinces, then neighbouring countries 
as power export market. This idea is to considerably enhance the growth of alternative energy 
sources, particularly non-hydro energy such as biomass, solar and wind power (UN, 2016). 
These alternatives sources will relate to the development of clean and environmentally friendly 
energy for the benefits of natural resources like green forests and water resources conservation.  
3.1.4 Socio-Political and Environmental Impacts 
The power relations, social and local politics are vital and vulnerable in the resilience 
framework within the communities. The rush for agricultural lands and habitation of rural 
communities and natural resources by domestic and foreign investors have been continuously 
executed for concession leases in many decades (Ramcilovic-Suominen & Kotilainen, 2020). 
The land will be usually turned into economic infrastructures known as large scale 
multinational businesses and projects of a country such as hydropower dams, mining 
settlement, and other power plants. However, the Government has compensated for those 
affected areas by reimbursing affected households, lands, or even provided resettlement 
houses.  
Out of the Southeast Asian (SEA) countries, Lao PDR is one of the fastest economic 
development based on a significant increase in GDP from mainly power export incomes. This 
development resulted in the faster growth of the economy and reinforce the financial condition. 
However, there are still some negative impacts on vulnerable people living in both urban and 
more rural areas. 
Lao PDR’s power sector is primarily reliant on hydropower generation. There are several 
hydropower dams that existed along with the country, and many more are under construction. 
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This situation brings the concerns of the potential environmental impacts and the security of 
local natural resources that the GOL has to carefully made decisions on implementation. So 
that, environmental issues that might be facing during the construction of dams are the 
depletion of hydrology, natural habitats, loss of biodiversity, and shortages of water resources. 
These issues could lead to uncertain circumstances and changes in seasonal water flows and 
risks involved with floods and droughts. Additionally, these consequences have a great effect 
on the traditional livelihoods of local people in the communities if the resettlement of people 
is required. However, the new hydropower policy ought to be in a place where the developers 
can focus more on the principles of social, economic, and environmental sustainability. The 
policy on sustainable hydropower development is presented to enhance the motivation of the 
developers to make a difference and strengthen the sustainability of the power sector in Lao 
PDR (IFC, 2017). To achieve that, the GOL and everyone involved in such projects must raise 
awareness and ownership among provincial and local authorities. This notion applies to 
hydropower project representatives to create workshops and share the knowledge, experiences, 
and challenges with dwellers together with government authorities to have a clearer 
understanding of environmental issues. In July 2018, the dam collapse incident in the southern 
part of Lao PDR could be a great example to the project representatives to give advice and 
share knowledge for local people to deal with emergency cases and prevent severe losses that 
might cause for the future. 
Interestingly, hydropower generation is promising to continue being the dominant source of 
power development in Lao PDR for at least a decade. Coal-fired power generation has also 
shared approximately the second biggest contributor to the country’s power mix. Hence, more 
severe environmental issues of increased coal utilisation can result from the emissions of air 
pollution that has an impact on both the earth's atmosphere and health effects. 
30 
 
3.2  Policy Instrument and Evaluation 
In Energy Policy 2015, the GOL has listed the following targets of the highlighted policies for 
the power sector that should be achieved:  
• Improve the national electrification ratio to 98% concurrently with modern energy that is 
more affordable, reliable, and accessible, especially for rural households by 2025; 
• Promote energy efficiency by reducing 10% of energy consumption by 2030; 
• Reserve coal for domestic use and power generation; 
• Develop the country’s hydropower potential with private investor participation; 
• Improve and expand transmission networks to facilitate power exchange with ASEAN 
countries with intensively increased power export to neighbouring countries in order to 
boost the National Socio-Economic Development Plan; and 
• Expand and share renewable energy to account for 30% of the power mix by 2025.   
All these energy policies are meant to address issues related to the demand growth and usage 
of energy including energy production, distribution, and consumption. Its core objectives are 
the requirement to ensure continuity of supply in short and long-term perspectives. Energy 
policy will be the tools for assuring that all implications for practice are available to support 
domestically and are profitable to export internationally. In addition, the needs of all fuels have 
to be reliable and economic supply together with instruments that are well-prepared to meet 
sudden supply interruptions of power. Yet, there are still many factors preventing the 
development of the power sector in Lao PDR, including socio-political consciousness, socio-
economic disadvantage, and other factors that certainly exist.  
3.3 Sustainable Development Goals and the Paris Agreement 
The Government of the Lao PDR is strongly committed to the implementation of the 2030 
Agenda for Sustainable Development and the achievement of the Sustainable Development 
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Goals (SDGs). Lao PDR was among the earliest countries to narrow the SDGs and integrate 
them into its NSEDP in 2016, with around 60 percent of the 160 NSEDP indicators associated 
with the SDGs. This has focal points on promoting green growth and sustainable development, 
maintaining steady economic growth, achieving a constant reduction of poverty, and 
graduating from least developed country status (UN, 2018). 
In terms of an energy sector, by following the SDG 7: Affordable and clean energy, recognised 
as ensuring access to affordable, reliable, sustainable, and modern energy for all. However, 
Lao PDR still has a power plant generated from fossil fuels and it is a major driver of climate 
change and other climate-related issues. This consequence is linked and reflected in the 
country’s Nationally Determined Contributions (NDC), which flags renewable energy as a 
major contributor to tackle climate concern. To address this, alongside SDG 13: climate actions 
are relevant to the situation of climate change mitigation and adaptation for global sustainable 
development, as well as Lao PDR. Therefore, Lao PDR submitted its new climate action plan 
to the UN Framework Convention on Climate Change (UNFCCC) in 2015. The main goal of 
this agreement is to empower all countries to act and prevent average global temperatures rising 
above 2 degrees Celsius, and to take all possible changes that avoidably arise from global 
transformation to clean and sustainable development (UNFCCC, 2015). Besides, countries 
have agreed that the level of ambition to reduce emissions will increase over time. 
The promotion and expansion of renewable energy technology in Lao PDR is not only the 
option to deal with global climate change issues but also the possibility of diversifying energy 
sources and reducing the over-reliant power of hydroelectricity. This development has a 
positive reinforcement to meet the increased demand for energy use across the country and 
help to fulfill SDG 7 targets of energy related. However, there are also some challenges 
indicating an important trade-off, which is the percentage of households using clean fuels and 
technology are still low. The role of wood has been primarily used as the energy source for 
32 
 
cooking and heating. Yet, the population keeps growing up as well as the demand for cheap 
energy such as firewood and charcoal. As if this scenario will be remaining the same in a couple 
of years, it will lead to drastic changes to our climate (UNDP, 2020). Thus, investing in RET 
such as solar, wind and geothermal power will assure that the GOL is going to achieve SDG 7 
by 2030 by improving energy productivity, efficiency, security and the most important of all 




4. Analysis of Enhanced Renewable Energy in the Power Sector 
The energy model presented in this study is based on several factors which are the analysis of 
energy and emissions forecast has been done by using the Low Emissions Analysis Platform 
(LEAP) software. The LEAP system has simulated data for the 10-year period from 2020 to 
2030.  
4.1 Introduction to LEAP 
The Low Emissions Analysis Platform (LEAP) is a software tool for energy policy analysis 
and climate change mitigation assessment. The software was developed at the Stockholm 
Environment Institute in Boston, the USA in 1982. LEAP has been used by a number of 
organisations in more than 190 countries in the world. Various types of the model such as 
integrated and scenario-based modelling tools can be used to track energy consumption, 
production and also to calculate energy requirements, transformations, and sources in all 
sectors of an economy (Heaps, 2020b). Therefore, this paper is mainly used the LEAP software 
for data analysis by assessing and analysing data expressions in order to create electricity 
models for the power sector in Lao PDR.   
4.1.1 Materials and Methods 
This research collects data from several sources and primarily use energy data to develop the 
model from the Ministry of Energy and Mines, the National Statistical Bureau of Laos, and 
other official-related government reports.  
The energy model framework of this research involves the forecast of final energy consumption 
and energy input/output for the first calculated year scenario (2019), which is covered in both 
demand and transformation sectors. These projections were developed by using data in the Lao 
PDR energy balance tables from 2000, 2005, 2010, and 2015 from the ERIA Lao PDR Energy 
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Outlook 2018 report (see more details in Appendix A). This calculation shows the basic 














Figure 8: LEAP modelling structure 
 
The above figure shows the LEAP model structure sources from different sectors that are using 
in the analytical procedures of the software to develop integrated modelling scenarios. 
4.1.2 Key Assumptions 
This section is where the user can create their independent variables such as macroeconomic 
or demographic indicators of the country. There are seven key assumption branches in this 
research and its values can be referred to in expressions under other branches (Heaps, 2020a). 
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Table 1. Key assumptions branches and expressions 
Branch Expression Scale Units 
Population 7.17 Million  People 
Commercial floor space 0.62 Million Square meter 
Household size 5.19  People 
Number of Households Population[Million People]/Household 
size[People] 
Million Households 
GDP 18.17 Billion US$ Dollar 
Population growth rate 1.53  % 
GDP growth rate 7.51  % 
 
The macroeconomic data or economic indicators used in this energy modelling were mainly 
taken from the world development organisation database such as the World Bank and the 
International Monetary Fund (World Bank, 2020). These data consist of gross domestic product 
(GDP), total population, and growth-related rates. Apart from these, other economic indicators 
derived from different sources such as commercial floor space was obtained from the energy 
statistics 2018 of the ERIA cooperated with the MEM, while household statistics were obtained 
from the national electricity provider, Électricité Du Laos (EDL).  
4.1.3 Electricity Demand 
The preliminary electricity demand analysis is a disaggregated, end-use based approach for 
modelling the requirements for final energy consumption in an area. It is estimated by using 
historical data counting economic, demographic, and energy-use information to construct 
alternative scenarios.  
The final energy in Lao PDR consists of electricity, coal, biomass, oil products, and others. Its 
total final energy consumption (TFEC) could be shared by four main sectors as other Southeast 
Asian countries that use energy in residential, industry, transport, and commercial sectors.  
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Based on the data availability which is up to 2015 of the country’s energy balance from the 
Economic Research Institute for ASEAN and East Asia (ERIA), and it has to be calculated for 
the most current data (as 2019 as the base year) by using the forecasting function in Microsoft 
Excel for every available data section from 2000-2015. For example, in the primary production 
for in kilo tons of oil equivalent (ktoe), this calculation can be derived from the formula below: 
Primary production = FORECAST (x, known_ys, known_xs) 
Where,  
X = This is a numeric x-value for which we want to forecast a new y-value (year of the forecast) 
Known_ys = The dependent array or range of data (past data of production) 
Known_xs = This is the independent array or range of data that is known to us (past years) 
Demand calculations are based on disaggregated accounting for several measures of social and 
economic activities such as the number of the person(s), households/buildings, vehicle-km of 
travel, tons of industrial production, etc. The results are derived from the multiple activity 
levels with the energy intensities of each activity (energy per unit of activity). Therefore, these 
values can be projected into the future using different approaches and techniques ranging from 
the simple growth rates application until more complex and sophisticated modelling techniques 
(LEAP, 2020). The demand section consists of four branches namely residential, industry, 
transport, and commercial sectors.  
Table 2. Demand branches and expressions 
Branch Expression Scale Units 
Residential Key\Household[Thousand Households] Thousand  Household 
Industry Key\GDP[Million US$]*31.53% Million US$ Dollar 
Transport Key\Population[Million People] Million Person 




• Residential: this sector comprises urban and rural households. While the former is all 
electrified, the latter is also electrified with some of non-electrified. Under all branches, 
home appliances are showing as lighting, air conditioner, electric fan, cooking, refrigerator, 
television, washing machine, electric iron, and others. Under these branches, there will be 
a percent share of the existing and energy-efficient home appliances of the total 100 percent 
as shown in Figure 9. Then, the final energy intensities for each appliance are required to 
calculate in kilowatt-hour per household as it will indicate the overall energy efficiency of 
the residential sector. This calculation will be later showing as the total final energy 









Figure 9: Demand branch for the residential sector in LEAP modelling software 
 
• Industry: Lao PDR has categorised Mining and construction, Manufacturing, and Food and 
beverage as three main components of the industrial sector. Under these three categories, 
there are process heat and electrical loads to determine the fuel share in a percentage of five 
fuels of energy along with electricity, diesel, coal, biomass, and oil products. The final 
energy intensity of these processes is calculated in tons of oil equivalent per U.S dollar.     
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• Transport: the main branches of the transport sector include only aviation and road. This 
is because Lao PDR is a landlocked country and do not have direct access to an ocean, 
hence there is no maritime sector fuel consumption. While transport by land or road is the 
main way to transferring Lao people from one point to another. There are eight types of 
vehicles used in this branch consisting of Sedan, Sport utility vehicle (SUV), Minibus, Pick 
up, Truck, Motorbike, Tuk-tuk (auto-ricksaw), and Bus. Diesel and gasoline are the only 
two fuels associated with its final energy intensity that is calculated as litre per passenger-
km.  
• Commercial: this sector consists of public and private buildings. Based on the report of the 
Economic Research Institute for ASEAN and East Asia (ERIA, 2018), the buildings range 
from governmental offices, hospitals, shopping malls, hotels, and apartments. These 
buildings mainly require cooling systems because Lao PDR has generally a tropical 
monsoon climate during the year except for a few winter months at the end of the year. 
Commercial buildings consume electricity, biomass, and liquefied petroleum gas (LPG) for 
cooling its internal spaces. The final energy intensities are calculated as kilowatt-hour per 
square meter (kWh/m2).      
4.1.4 Transformation 
In the transformation analysis, there are two parts for simulation with the conversion and 
transportation of energy forms from primary resource extraction and imported fuels all the way 
to the point of final fuel consumption. The various future transformation configurations are 
based on the above electricity demand analyses that lead to alternative scenarios reflecting 
different assumptions about the national policies and technologies.  
In the LEAP software, the transformation sector is divided into two branches; transmission and 
distribution, and electricity generation. Both branches consist of electricity in their output fuels, 
but their processes are quite different because the transmission and distribution parts are mainly 
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derived from losses in the transmission lines/grid. While the process of electricity generation 
comprises of five energy fuels including existing hydro, coal-fired, biomass, small-hydro, new 
solar, and new wind. This section needs various input, including the base year capacity and 
generation data, exogenous capacity, government plan for capacity expansion, etc. The 
resources potential for different fuel is provided under the resources tree. 
4.1.5 Scenarios Development 
This section is the main part indicated as the concept of scenario analysis of the LEAP software. 
It demonstrates the creation of scenarios-based future energy systems that might evolve in a 
socio-economic setting and under a set of policy conditions. Scenarios can be used to compare 
with other scenarios or different country figures, and to assess different variables such as the 
primary energy requirements, social costs and benefits, and environmental impacts.  
The default setting of the scenario in LEAP is showing as Current Accounts. This scenario is 
gathered all Current Accounts data displayed as base year data (chosen as 2019). The analysis 
was performed for a period of 10 years to align with global goals and targets, e.g. the SGDs 
and NDC. Then, there are two scenarios that this research has completed including the Current 
Policy Scenario (CPS) and High Renewable Energy Scenario (HRES). Under these scenarios, 
the projection period of study is from the base year scenario 2019 to 2030. An assumption of 
annual average growth rates of GDP and population is 7.51% and 1.53%, respectively as shown 
in Table 3. 
4.2  Current Policy Scenario 
The CPS scenario is developed based on the assumptions that the country’s energy demand, 
consumption, and transformation will follow and rely on the current energy policies from 
section 3.2, which were released by the Government of Lao PDR.   
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4.2.1 Model Building on LEAP under CPS scenario 
The main objective of this analysis is to indicate the national current policy by building up a 
scenario with data input from several sources. This scenario is based on baseline socio-
economic indicators of the country outlined in Tables 3 and 4. While Table 3 presents key 
values and expressions to indicate economic and demographic assumptions, Table 4 specifies 
energy demand projection for four core sectors. 
Table 3. Key assumptions branches and expressions for CPS 
Branch 2019 
Value 
Expression Scale Units Sources 
Population 7.17 Growth(Population 
Growth_Rate/100) 















Million Households Author’s 
calculation 
GDP 18.17 Growth(GDP 
Growth_Rate/100) 
















 = 1.38 million households, where household size 




Table 4. Demand branches and expressions for CPS 
Branch 2019 Value Expression Scale Units Sources 
Residential 1,382.50 Key\Household[Thousand 
Households] 
Thousand  Household (EDL, 2017) 
Industry 5,729.00 Key\GDP[Million 
US$]*31.53% 
Million US$ Dollar (ERIA, 2018) 
Transport 7.17 Key\Population[Million 
People] 
Million Person (World Bank, 
2020) 




To calculate for the data in the commercial sector in the above table for the year 2030, this 
could be done by using the Interpolation (Interp) function on LEAP. This means that the 0.62 
million m2 stands for the base year (2019), which is obtained from the Lao PDR energy 
statistics report (ERIA, 2018). The value for 2030 was found in the Energy Outlook 2019 
(ERIA, 2019), which is 0.89 million m2 in 2030. Using the Interp function, LEAP interpolates 
the values in between these two years. 
Further clarifying as below: 
While the TFEC for the commercial sector in 2020 is 0.35 MTOE, in 2030 is 0.5 MTOE, which 
means the difference is 0.15 MTOE.  




 = 0.43, it means that we have 43% increase for the 10-year period. 
Therefore, an annual growth rate for the commercial sector is 4.3% (assuming growth in square 
metres is proportional to growth in energy demand for the sector). 
By having this percent, it can be calculated by using 0.62 * (1.43) ≃ 0.89 million m2 to interpret 
for 2030.  
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4.2.1.1 Final Energy Demand 
This section consists of the government plans and policies aiming to increase the percentage 
of energy supply for the four main demand sectors. The residential sector is the only part that 
the software used to add data to assess in the demand sector, and the rest will be estimated and 
determined by the growth of GDP and population.  
As shown in Figure 10, the Interpolation function was used to manipulate the growth of 
percentage from the base year and assume that the final percentage will be in 2030 (the last 








Figure 10: Residential appliances under the Current Policy Scenario 
For the electrical appliances in both urban and rural households, the percent will be increased 
in reasonable values in case they are not already 100% in the current accounts. However, these 
values are created under the author’s assumption-based on the possible growth of the country’s 
social-economic and current energy policy statuses. Also, the percent values in each energy-
efficient appliance still are the same as the current accounts because there is no new RET to 
boost the share of EE appliances in this scenario yet.  
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4.2.1.2 Transformation Sector 
The power generation with installed capacity or exogenous capacity is the main part of the 
process for the electricity generation module. This process can estimate the final power 
generation that the country can generate from the base year until the end year. Hereby, data 
input of a single power plant project was derived from the Department of Policy and Planning, 
the Ministry of Energy and Mines (MEM, 2019). The procedure is carried out by using the 
STEP function in the expression area and assumes that values change discretely at the specified 
data years. In other words, values can be constant after plotting values in a specified data year, 









Figure 11: Exogenous capacity under Current Policy Scenario 
Hydropower, coal-fired power plant, small-hydro, and wind energy are the power sources that 
the GOL is aiming to develop in the next decade under the CPS scenario. Apart from this 
module, values in efficiency, capacity factors, capital, and operating and maintenance costs 
remain the same as the current accounts. 
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4.3  High Renewable Energy Scenario 
This scenario is created to demonstrate and focus on investing in the future growth of non-
hydro renewable energy technologies in the electricity generation mix of the country. It also 
intends to improve the energy efficiency for the demand sector which will ensure the 
development of local resources necessary to increase access to electricity and sustainable 
energy. More importantly, the scenario will safeguard the country’s power sector by following 
the plans of SDG and the NDC with their specified year targets.  
4.3.1 Model Building on LEAP under HRES scenario 
The main objective of this analysis is to promote and increase the share of renewable energy 
to decentralised renewable energy-based generation into the power mix by building up a 
scenario with an increase in data input to several parts of demand and transformation sectors. 
The general expressions of key assumptions and demand branches are identical, but there are 
some changes in sub-branches of both demand and transformation sectors.  
4.3.1.1 Final Energy Demand 
Residential and transport are the two out of four sectors in the demand branch that require an 
increase in the energy-efficient home appliances together with the use of electric vehicles (EVs) 
in the transport system. While the total energy demand for the residential sector will reach 1.53 
MTOE, the transport will be 1.76 MTOE in 2030 under HRES scenario compared to the CPS 
scenario of 1.70 MTOE and 1.85 MTOE for the residential and transport sectors, respectively.  
For the residential sector, existing home appliances in both urban and households are relatively 
moderate comparing with the current accounts. However, there will be a significant change in 
enhancing more shared percentages in energy-efficient appliances, concurrently with a 
reduction of percent share for existing appliances. The reason for this modification is to attempt 
to find some useful expressions allocated in the system with energy efficiency expansion. 
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For the transport sector, EV has almost zero percent share in the CPS scenario. In contrast, the 
HRES scenario aims to raise the share of this type of vehicle by increasing the percent share of 
electricity fuel internal combustion engines including diesel and gasoline. The percentage 
assumption is being used in this sector with an idea of the replacement of gasoline vehicles 
with EVs. Hence, the comparison of CPS and HRES scenarios for the share of vehicle types 
with its fuels shown in Table 5.  
Table 5. The percent use of the vehicle by types in CPS and HRES scenarios 
Vehicle types CPS (%) HRES (%) 
Sedan:            Diesel 
                        Gasoline 







SUV:               Diesel 
                        Gasoline 







Minibus:         Diesel 
                        Gasoline 







Pickup:           Diesel 
                        Gasoline 







Truck:             Diesel 
                        Gasoline 







Motorbike:      Gasoline 





Tuk Tuk:        Gasoline 





Bus:                 Diesel 
                        Gasoline 








4.3.1.2 Transformation Sector 
This sector has the purpose of phasing out coal-based power generation by maximising 
renewable energy in power generation. Installed capacity from different type of power plants 
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has mostly increased to some possible extent with an assumption by enhancing the NDC target 
and achieving SDG 7, particularly renewable energy. Furthermore, STEP and Interpolation 
functions were used in this part because the trend of this power generation should be identified 
on a specified data year and could be indicated in a smooth trend as showing in Figure 12. For 
instance, values in the STEP function used in Hydropower branch were derived from the 
Ministry of Energy and Mines' report to be developed under those numbers of megawatts 















5. Results and Discussion 
The results from the two scenarios make the possibility to examine how a direct continuation 
of historical energy performance, with or without further changes in policies or technologies, 
and comparing with different options when it comes to achieving some of the targets that the 
government has set. Therefore, the comparison between both scenarios might result in some 
possible direction in the future cases of the power sector in Lao PDR. 
5.1 Energy Demand Trends 
Lao PDR consists of electricity, biomass, coal, oil, and others for its final energy. For the total 
final energy consumption (TFEC) under CPS scenario, the residential sector stands as the 
highest energy use at 38.6% with 1.41 MTOE in 2020, followed by the transport sector of 
27.9% with 1.02 MTOE, while industry and commercial sectors acquire for 22.1% (0.81 
MTOE) and 11.3% (0.42 MTOE), respectively. However, the growth rate of energy use in the 
residential sector will decline to the second-highest energy use of 29.4% by the end of 2030, 
which will be surpassed by the transport sector in 2028 and accounts for 31.9% in 2030. Yet, 
the growth trend of the energy use in the industry sector will also be higher than the residential 
sector after the study period, but they are almost the same in 2030 with less than 1% difference 
of 28.7%. Whereas the commercial sector will remain the least energy consuming sector at 
9.9% by the end of the study year, as shown in Figure 13.  
For the HRES scenario, the growing trend of energy demand has a similar pattern with the CPS 
scenario. The percent shares of the transport sector still stand at the highest at 31.8% (1.76 
MTOE), but the industry sector will become the second-highest at 30% (1.66 MTOE) instead 
of the residential sector with 27.7% (1.53 MTOE) followed by the commercial sector 10.3% 




















Figure 14: Final energy consumption of HRES scenario by sectors 
In terms of the energy use by fuels, biomass will still take the lead followed by diesel, coal, 
electricity, and others over the study period in both scenarios. The reason why biomass will be 
continuing the most-consumed source is due to the country is still relying on traditional 
biomass fuel for cooking in both urban and rural households. Moreover, the commercial sector 
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will also depend mainly on the use of biomass in their buildings because this fuel is quite widely 
available and affordable compared to other fuels at the same amount. This similar trend has 
been observed as represented in Figures 15 and 16 for CPS and HRES scenarios by fuels. These 
two scenario projections have parallel trends of energy usage, but HRES will have a slight 
decrease in final energy consumption of 5.53 MTOE, while the CPS scenario will end up 
around 5.8 MTOE in 2030. Residential and transport sectors are influential for this variation 
because the TFEC in HRES scenario will be lower by increasing the energy efficiency of 









Figure 15: Final energy consumption of CPS scenario by fuels 
In both CPS and HRES scenarios, the final energy demand experiences an increase, and this 
reflects the growth rates of GDP, population, and modern energy development in the power 
mix over the years of study. Even though the CPS scenario is higher in TFEC, the projection 
shows that there is a significant improvement in modern energy. The country will not primarily 
rely on traditional fuels as there will be a gradual decline in the HRES scenario, but modern 
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fuels or technologies will become more alternative to the government for consideration in order 








Figure 16: Final energy consumption of HRES scenario by fuels 
 
5.2 Transformation and Energy Supply 
The historical production in the power sector of Lao PDR can be separated into two periods. 
From the 1970s until 2015, the country solely generated electricity from hydropower. After 
that, the emergence of the Hongsa Lignite Power Plant operation has an influence with a 
significant contribution to the power generation in Lao PDR. By 2030 in the CPS scenario, the 
installed capacity of hydropower generation will reach 19,090 MW or 80.5% share of the 
power mix. Following by 3,550 MW of coal-fired power plants (14.9%), 600 MW of wind 
(2.5%), and the rest around 2.5% will be occupied by other non-hydro renewables as 
represented in Figure 17.  
Meanwhile, the HRES scenario will be entirely accounted for renewable energies and will 
phase-out coal-fired power. Ranging from large hydro of 70.1% (19,000 MW), small hydro 
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12.5% (3,400 MW), solar PV 10.7% (2,920 MW), wind 5.8% (1,600 MW), and biomass 0.7% 
















Figure 18: Installed capacity of power generation by sources under HRES scenario 
During the study years, coal-fired power will gradually decline in both the power generation 
and percent share in the power mix until reaching zero by 2030 in line with the current energy 
policies and the NDC targets. Furthermore, this scenario projection is focused to achieve the 
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highlighted policy with a goal to meet 30% share of renewable energy in the power generation 
mix by 2025. As a result, the percent of energy output by fuels can achieve 30% share of non-
large hydro renewables in 2025 as showing in Table 6. This shows that the country will need 
to intentionally focus on diversifying energy sources and to shift from an over-reliance on large 
hydropower and fossil energy sources to sustainable modern energy with low levels of carbon 
footprint. 
Table 6. Percent share of non-large hydro renewables aligned with the NDC target by 2025 





In terms of power supply, the total power generation in Lao PDR can produce 48.3 TWh in 
2020 under the CPS scenario, then it is forecasted to increase more than double to 108.4 TWh 
in 2030 as indicated in Figure 19. While the outputs of power generation under the HRES 
scenario is slightly higher and estimated to go up to 110.3 TWh in the end year as showing in 
Figure 20. Under both scenarios, hydropower is the most dominant source of more than half of 
the percent share of all power generated during this 10-year period. Moreover, small 
hydropower is expected to become the second-highest generation source with 21.5% in 2030, 
following by solar, wind, and biomass of 4.6%, 4.3% and 1.2%, respectively in the HRES 
scenario. Whereas, in the CPS scenario, the coal-fired power plant will end up with the second 
most power generated after hydropower in 2030 with 22.9%, followed by wind, small hydro, 
biomass, and solar power of 5.26%, 2.8%, 0.18%, and 0.06%, respectively.  
 
Branch 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Hydropower 71.18% 73.63% 72.50% 71.52% 67.46% 62.10% 63.49% 65.82% 67.92% 68.05% 68.18%
Coal Fired 0.25       0.20       0.17       0.14       0.11       0.08       0.06       0.04       0.03       0.01       -         
Biomass 0.66% 0.88% 1.10% 1.28% 1.34% 1.38% 1.44% 1.34% 1.36% 1.29% 1.27%
Small Hydro 1.15% 1.05% 3.21% 5.56% 12.29% 19.81% 19.41% 19.77% 18.87% 20.53% 21.59%
Solar PV 1.18% 2.04% 2.87% 3.56% 3.90% 4.15% 4.57% 4.44% 4.66% 4.58% 4.64%
Wind 1.23% 2.23% 3.20% 4.00% 4.40% 4.70% 4.91% 4.57% 4.62% 4.39% 4.32%
Total 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%


















Figure 20: Electricity generation in TWh of HRES scenario by sources 
5.3 Costs and Benefits 
The net benefits in power generation are determined by using different factors to calculate. 
There are capital costs, operation and maintenance costs, fuel costs, and externality costs (only 
when the carbon price is applied). Then, the net cost is calculated by subtracting the cost of 
generation from the revenue earned by supplying the electricity. By considering all these costs, 
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the investment in renewable energy technologies has become more beneficial than the BAU to 
the country as it is indicated in the result of the HRES scenario compared to the CPS scenario. 
Table 7 shows that the net benefits from the CPS are slightly higher than the HRES scenario 
but taking the environmental issues into account that the power generated from fossil fuel has 
severe negative impacts than renewables. Besides, this investment can align with the GOL’s 
plans and NDC targets in diversifying non-hydro renewables in the near future.  
Table 7. Net benefits from the power sector of CPS and HRES scenarios (author’s calculation 







The trends of renewable energy investment are currently and likely to be cheaper than fossil 
fuel energy. This realisation is justified by using the Levelized Cost of Electricity (LCOE) 
method to sum up the lifetime costs of an energy system divided by the lifetime energy 
generation (UNESCAP, 2020), and its unit cost of electricity is US$/MWh as shown in Figure 
21. It is a measure of the cost competitiveness of different electricity generation technologies. 
For example, in general terms, solar PV power plants have a high capital cost, but a low 
operating cost (39.40 US$/MWh), whereas circulating fluidised bed combustion (CFBC) or 
coal-fired power plants is another way around and more than most other renewable 
technologies about 56.50 US$/MWh. This justification shows that RETs are economically 
viable compared to fossil fuel technologies for the GOL to carry out for further development.  
CPS HRES
Branch 2030 2030
Hydropower 1,860.99 1,860.99 
Coal Fired 740.11    -           
Biomass 2.14         17.15      
Small Hydro 75.15      638.75    
Solar PV 1.65         150.15    
Wind 159.40    108.37    
Total 2,839.43 2,775.41 














Figure 21: LCOE of different power plant technologies (Source: UNESCAP) 
5.4 Environmental Effects 
The main environmental issue for this study is the emissions of GHGs of 100-year Global 
Warming Potential (GWP). The GHG indicates the amount of warming a gas causes over a 
given period of normally 100 years. The summary of GHGs emission levels for Lao PDR in 
Figure 22 shows that the CPS scenario will continue creating a large number of emissions from 
coal-fired power generation of 24.5 million metric tons of carbon dioxide (MTCO2) equivalent, 


















Figure 22: GHGs emissions projection from power generation in CPS scenario 
However, GHGs emissions in the HRES scenario are projected to decrease significantly to a 
total of 1.65 million MTCO2 equivalent in 2030. These emissions were solely generated by 
biomass production, which is due to the land use change of biomass plantation, where coal 
power plants are expected to be phased out at the end of the study year as shown in Figure 23. 
All coal-based power generation sources will be supplanted by renewable energy which aims 
to achieve the NDC targets of GHG emissions reduction and also increase the share of RET in 
















Figure 23: GHGs emissions projection from power generation in HRES scenario 
Apart from the transformation sector, GHGs emissions from demand sectors are estimated to 
rise almost double in a 10-year period in both scenarios. While the CPS scenario is projected 
to reach 10.34 million MTCO2 equivalent, the HRES scenario will be a little lower of 9.97 
million MTCO2 equivalent in 2030 as represented in Figure 23. Almost all greenhouse gases-
related emissions divide into two parts, where they are produced by biomass consumption for 
the residential sector, and by diesel and gasoline for the transport sector. To some extent, GHG 
emission reductions are achieved by promoting energy-efficient appliances in households and 






Figure 24: GHGs emissions projection of the demand sectors in CPS and HRES scenarios   
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6. Conclusion and Recommendation 
The power sector in Lao PDR is the core pillar in boosting the national economic development 
for years. Hydropower has been a dominant source for power generation that provides both 
advantages and drawbacks to the country. Therefore, the GOL is attempting to focus on 
diversifying alternative sources of energy to increase energy security, efficiency, reliability, 
accessibility, and environmentally friendly. To account for this objective, there is a need for 
better policy planning that will enhance the renewables share of the power mix to meet the 
target. Renewable energy technologies are a suitable option for this circumstance because the 
country is abundant with sources for its operation. Hence, this study uses the LEAP software 
to analyse and assess the possibility of power diversification. Two scenarios are created to 
demonstrate and forecast potential energy pathways for Lao PDR in a 10-year period from 
2020 to 2030. The Current Policy Scenario (CPS) and the High Renewable Energy Scenario 
(HRES) are being used in the study. While the former acts as the baseline based on the current 
power generation policies of the country, the latter is a projection that Lao PDR will meet the 
renewable energy strategy and the NDC targets. 
The LEAP modelling framework analysis illustrates that energy demand in both scenarios 
produces a similar exponential growth. These growing trends refer to the growth in GDP and 
population in the country, where the socio-economic factor is also the main driver to increase 
in more energy consumption demand. In terms of power generation, more than double 
electricity output will be generated in the next decade. This development indicates that the 
country will keep emphasising the power sector enhancement and this also involves the 
generation from some fossil fuel sources. Coal power plants are projected to expand their 
capacity under the CPS scenario, and this will certainly create environmental GHG emissions 
and will not meet the targets for SDGs and NDCs. However, the idea of phasing out the coal 
power is implemented in the HRES scenario which promotes and increases 30% share of RE 
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that will achieve by 2025. As a result, it is important to not only promoting energy efficiency 
measures in all sectors of the economy but also reducing GHG emissions which is a global 
issue for everyone to handle. 
To conclude, the following recommended policies should be taken for the power sector in Lao 
PDR that the government should also consider: 
o Promote energy efficiency measures such as Minimum Energy Performance Standard 
(MEPS) in appliances for households and commercial sectors. Yet, the transport is another 
sector that should be switching from conventional internal combustion vehicles to electric 
vehicles. This sector will contribute to a reduction in the consumption of traditional transport 
fuel and GHGs emissions mitigation.  
o Put more focus on non-hydro based renewable energy for power generation including solar, 
wind, and biomass.  
o Reduce coal-based power generation which would help align with the NDC targets. 
o Set up the plans for energy direction for long-term stability that might include energy 
efficiency, renewable energy and electric vehicles master plans. 










Limitations of the study 
o Lack of data and information on resources available, with regards to energy demand for 
residential and commercial sectors in order to put in the LEAP software. Besides, statistical 
data about renewable energy is quite limited since RE is very new except hydropower in 
Lao PDR. Predominantly, non-hydro renewable energy data is relatively low; therefore, this 
should have an appropriate mechanism to promote RE statistics. 
o Time limitation: An unpredictable situation occurred this year due to COVID-19, and it has 
severely affected this research. Data collection and communication barriers between the 
author’s colleagues and counterparts in his hometown were the most significant challenges 
during the research. 
Future research directions 
o Develop more scenarios from LEAP, particularly, further investigation of energy efficiency 
improvement in the industry sector.  
o Specify one type of renewable energy technology to be focused on in the same country of 
research or within the region. Then, comparing the potential growth to one or more 
neighbouring countries by analysing economic and technical factors, including its merits 
and drawbacks.  
o Explore and highlight some key consideration for environmental issues caused by RET. 
Further environmental analysis is required to evaluate both direct and indirect ways in life 
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